Block Diagram Analysis for the Magnetic Densimeter


The block diagram included as FIG 1 illustrates the basic principles of the electrical components.  As is illustrated in the diagram, infrared light, controlled by an LED circuit independent of the rest of the system, is shone through the sample to a photodiode receptor opposite the buoy.  This receptor is divided into quadrants, providing the means of monitoring the buoy’s position.  Data from the four regions of the photodiode is processed first by the pre-amp circuit, shown in detail as FIG 2 and further explained below.  Four pieces of information exit this circuit, consisting of the combined voltages of each pair of neighboring quadrants.  This yields what are referred to as the Top, Front, Rear, and Bottom voltages.


From the pre-amp output, the information is fed into the main panel, whose photograph is included as FIG 4.  The Front and Rear voltages are compared and fed into Test Point 1 (TP-1), so that the discrepancy can be monitored.  This information, which, along with a visual analysis through the microscope, determines whether the buoy is properly centered in the x-y plane, provides no feedback into the coils.  It is simply an indicator, through greatly positive or negative voltage outputs, of misalignment of the buoy.


The Top and Bottom feeds leave the pre-amp for the panel, and are combined so as to find the difference between the light entering the top of the photo diode and that entering the bottom.  The output here, seen at TP-2, is a similar output to TP-5, in which large negative or positive values indicate that the buoy is off-center.  At this point, when the system is being used as a viscometer, this output is added to an alternating current drive voltage created by the function generator, which has just passed through the attenuation control.  With the drive off, as occurs in the density measurements, only the position control feedback reaches the helmholtz coils.

At this point, the signal enters a series of controls on the panel which allow the experimenter to control manually the relation between the current that leaves the photo diode and that which enters the helmholtz coils.  The first control, the gain, affects the sensitivity of the current to the changes at the photo diode.  The most visible effect of this is an increased instability at high gains, as the buoy finds itself in an increasingly dynamic equilibrium.  These oscillations, best seen when the system is undriven, can be controlled simply by reducing the gain.  The second and third controls are the coarse and fine adjustments of the DC bias.  They combine to add or subtract a constant current from the value that reaches the coils.  The visible effect of this is to change the position of the equilibrium point of the buoy on the z-axis.  The controls allow the equilibrium position of the buoy to be placed in the most stable location, specifically, with its shadow directly centered in the photo diode.  This stable location allows the system to have a very high range of displacement for the buoy from the slight oscillations that occur within it without it losing its buoyant equilibrium.  The final control on the panel that the signal sees before being amplified and run through the circuit is the invert/non-invert switch.  This switch ensures that the incoming signal is of the correct polarity for the power amplifier to handle it.

A more in depth analysis of the circuitry can be found in the section that follows.

